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© Polyimide copolymers and process for preparing the same. 

© Polyimide copolymers of this invention have a repeating unit of the general formula (1) 
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wherein Ar, is a tetravalent organic radical containing at least one aromatic ring, R, is a divalent organic 
radical, R 2 and R 3 are monovalent hydrocarbon radicals, and n is an integer from 0 to 4 and a repeating 
unit of the general formula (2) 
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wherein Ar 2 is a tetravalent organic radical containing at least one aromatic ring. R 6 is a d.valent organic 
radical R 7 is a monovalent hydrocarbon radical with 1 to 6 carbon atoms, and 1 is an integer from 5 to 50 
and are capable of forming films of a microdomain structure useful for such applications as protective films 
on semiconductors, coatings, adhesives. moldings, films, and separation membranes. 
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POLYIMIDE COPOLYMERS AND PROCESS FOR PREPARING THE SAME 

Field of the Invention and Related Art Statement: 

This invention relates to siloxane-modified polyimide copolymers containing siloxane blocks in a 
j microphase separated structure and. more particularly, to polyimide copolymers which possess high 
mechanical, electrical, and thermal properties with good adhesion to substrates and are useful for protection 

of semiconductor devices. , 

As typically known in such applications as surface coatings on semiconductor devices, intermetallic 
insulation films in integrated circuits, passivation overcoats, die attach adhesives, and organic membranes 

o for liquid crystal orientation, a number of processes have been proposed for improvement of the adhesion 
between silicone-based substrates and polyimide films; for example, pretreatment of the substrate surface 
with a coupling agent or introduction of alkoxysilyl or disiloxane groups into the polyimides as disclosed in 
Japan Tokkyo Kokai Kohd No. 60-76,533 (1985). Polyimide precursors thereby prepared are known to 
change into polyimides on heating and produce excellent adhesion to the surface of the substrate. 

-s The polyimides obtained in this manner, however, suffer lowering of both glass transition temperature 
and thermal decomposition temperature as the siloxane content increases, accompanied by lowering of the 
moisture resistance and mechanical properties and by an inevitable increase in thermal expansion 

coefficient. . • 

Another approach is the copolymerization of diaminosiloxanes to lower the modulus of elasticity of 

'0 polyimide films as disclosed in Japan Tokkyo Kokai Hoho No. 62-223,228 (1987). 

The polyimides obtained by a process such as this show an occurrence of phase separation on a 
macroscopic level, which hinders the formation of transparent films or coats, lowers mechanical and 
electrical properties for a loss in practical value, and unavoidably increases the thermal expansion 

coefficient. . . 

26 A paper has been published on the preparation of siloxane-modified polyimides with a microphase 
separated structure or microdomain structure by J. E. McGrath. et al. in J. Adhesion, Vol. 23. p. 67-87 
(1 987) 

The polyimides in question have not attained a sufficiently high degree of polymerization and showed 
such a gap in miscibility of the aromatic and siloxane components as to adversely affect the transparency 

30 and'mechanical properties. 

Solvent-soluble siloxane-containing polyimides are described in U. S. Patent Nose 3,325,450 and 
3,740.305. These polyimides contain high proportions of siloxanes and are not satisfactory in respect to 
heat resistance or mechanical properties. . 

Coupled with a recent trend towards larger-sized chips and thinner lines in semiconductor devices, 
factors such as post-cure shrinkage of resin encapsulants. stress generated by mismatched thermal 
expansion of chips and encapsulants, and fillers in encapsulants. are becoming more responsible for higher 
incidence of sliding dislocation of electrodes and cracking of passivation layers with resultant reduction in 

the moisture resistance. . 

Efforts have been made to design low-stress encapsulants in order to reduce the number of rejects 
from the aforesaid causes. On the other hand, an increasing number of attempts have been made to lower 
the stress to the chips by forming a polyimide film with a thickness of 2 to 5 urn on an inorganic passivation 
film. Polyimides of low modulus of elasticity with good stress relaxation are generally recognized to be 

effective for this purpose. . . 

On the other hand, it has been proved that the penetration of alpha-particles into high-density 
semiconductor memory devices causes soft errors. Moreover, there is a tendency for the cell area to 
decrease and for the vulnerability to soft errors to increase as the scale of integration increases in the 
semiconductor memory devices and it is thought mandatory to provide alpha-particle barriers in memory 

devices of 4 M bits or more. 

A variety of processes have been proposed for these purposes. For example, one is to use polyam.c 
acids with improved adhesion to semiconductor devices for surface protection as disclosed in Japan 
Tokkyo Kokai Koho Nos. 59-56,453 (1984) and 61-84,025 (1986). Another is to use polyamic acids of high 
heat resistance for surface protection as described in Japan Tokkyo Kokai Hoho Nos. 58-218, 127 (1983) 
and 54-74 677 (1979). These processes, however, do not furnish sufficient moisture resistance and stress 
relaxation and furthermore polyimides themselves, because of their relatively high dielectric constants, are 
not well suited for the protection of semiconductor devices. 
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Object and Summary of the Invention: 



An object of this invention is to overcome the aforesaid problems relating to. the conventional 
s polyimides and to provide transparent polyimide copolymers of a microdomain structure with excellent f.lm 
properties and a process for preparing the same. 

Another object of this invention is to provide polyimide copolymers which are soluble «n organ.c 
solvents and have excellent electrical, mechanical, and thermal properties and a process for preparing the 

io Still another object of this invention is to provide poiyimidecopolymers of low modulus of elasticity, low 
moisture absorption, low dielectric constant, and low thermal expansion and a process for preparing the 

A further object of this invention is to provide polyimide copolymers which are useful for such 
applications as protective films on semiconductor devices, coatings, adhesives, molding materials, films, 
is and separation membranes and a process for preparing the same. 

A still further object of this invention is to provide polyimide copolymers which possess low modulus of 
elasticity low moisture absorption, low dielectric constant, and low thermal expansion, adhere strongly to 
silicon wafers, contain 0. 1 ppb or less each of uranium and thorium, yield good results when used as buffer 
coats, alpha-particle barriers, passivation films, and the like in semiconductor devices, and protect sem.con- 
20 ductors against thermal shock and soft errors and a process for preparing the same. 

An additional object of this invention is to provide a resin composition for protection of semiconductor 
devices which comprises polyimide copolymers of low modulus of elasticity, low moisture absorption, low 
dielectric constant, and low thermal expansion producing good adhesion to silicon wafers and containing 0. 
1 ppb or less each of uranium and thorium and to provide semiconductor devices protected with films made 
25 from said resin composition against thermal shock and soft errors. . 

This invention accordingly relates to polyimide copolymers having a repeating unit of the general 

formula (1 ) 
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wherein Ar, is a tetravalent organic radical containing at least one aromatic ring, Ri is a divalent organic 
radical. R 2 and R 3 are monovalent hydrocarbon radicals, and n is an integer from 0 to 4 and a repeating 
unit of the general formula (2) 
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wherein Ar 2 is a tetravalent organic radical containing at least one a romatic ring, R 6 is a divalent organic 
50 radical. R 7 is a monovalent hydrocarbon radical with 1 to 6 carbon atoms, and t is an integer from 5 to 50 
and capable of forming a film with a microdomain structure. 

This invention also relates to a process for the preparation of polyimide precursors useful for the 
formation of a film with a microdomain structure which comprises polycondensing diamine components 
consisting of 50 to 99 mole% of diamino compounds of the general formula (5) 
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wherein Ri is a divalent radical, R 2 and R 3 are monovalent hydrocarbon radicals, and n is an integer from 0 
to 4 and 1 to 50 mole% of diaminosiloxanes of the general formula (6) 

R, Rt 

H 2 N-Ri-(Si-0U— Si-R.-NH, 

l I (6) 

wherein R s is a divalent organic radical, R 7 is a monovalent hydrocarbon radical with 1 to 6 carbon atoms, 
and I is an integer from 5 to 50 with aromatic tetracarboxylic acid dianhydrides and to a process for the 
preparation of polyimide copolymers which; comprises imidizing said polyimide precursors. 

This invention further relates to a resin composition for protection of semiconductor devices mainly 
composed of polyimide copolymers having the repeating units of the above-mentioned general formulas (1) 
and (2) and capable of forming a film with a microdomain structure and to semiconductor devices fitted with 
a protective film of said resin composition containing said polyimide copolymers. 

In the process of this invention, the tetracarboxylic acid-derived radicals Ar, and Ar 2 constituting the 
polyimide blocks are organic radicals containing at least one aromatic ring and preferably a tetravalent 
organic radical of the general formula (3) 

(3) 
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wherein Y is a bond, -CO-, -S0 2 -. -0-, -C(CH 3 ) 2 -. or -C(CF 3 ) 2 -. Examples of the tetracarboxylic acid 
35 dianhydride-derived tetravalent organic radicals include the following compounds: 

so 










CH, ■ • CFa 

The integer I in the siloxane polyimide blocks of the general formula (2) is from 5 to 50, preferably 
from 5 to 30. The effect for lowering the modulus of elasticity is relatively less pronounced when I is less 
than 5 while the reactivity with tetracarboxylic acid dianhydrides decreases, the siloxane blocks become 
more difficult to form, and the resulting polyimides show poor adhesion to the substrate when 1 is 30 or 
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In the polyimide copolymers of this invention, the proportion of the repeating unit of the general formula 
(2) is normally from 1 to 70% by weight preferably from 10 to 50% by weight, of the whole polyirnides. It is 
allowable to use in part siloxane polyimide blocks, of the general formula (2) with I of frorn 1 to 4 for he 
s purpose of improving the adhesive strength, but the amount of such blocks should Preferably be kept in the 
range of 0 5 to 5% by weight The adhesive strength Is not expected to improve with addition of less than 
0 5% by weight while the heat resistance decreases with addition in excess of 5% by weight 

The polyimide copolymers of this invention, having a microdomain structure and capable of forming a 
film, can be prepared by the process of this invention and some of such polyimide copolymers exhibit good 

10 S °^e ^moZxanes of the general formula (6) to be used in the process of this invention should have 
molecular weights of 500 to 5,000. preferably 700 to 3,000. It is acceptable to use diammos.loxanes having 
molecular weights of 200 to 800 in admixture with the foregoing. 

The diaminosiioxanes of the general formula (6) to be used for this purpose are exempl.f.ed by 

is 
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I I 
HtH-(CHi)4-(Si-0)x— Sir(CHi )4-NHi 

Ph Ph 
Ph Ph 
H 2 N-<Q)-(Si-0)x— Si-<0>-NH 2 

Ph Ph 

wherein Ph denotes the phenyl group, and they are used singly or mixed. 

Prior art processes are applicable to the preparation of the polyimide copolymers of this invention and a 
preferable one is to allow diaminosiloxanes of the general formula (6) to react with 2 molar equivalents or 
more, preferably 4 molar equivalents or more, of tetracarboxylic acid dianhydrides to form siloxane-modified 
polybasic carboxylic acids in the first step. The tetracarboxylic acid dianhydrides to be used here are those 
which will result from the addition of acid anhydride groups to the Ar 2 radical in the general formula (2) and 
examples of such acid anhydrides include 3,3'4/-benzophenonetetracarboxyiic acid dianhydride, 3,3 ,4,4 - 
biphenyltetracarboxylic- acid dianhydride, 2.3\3.4'-biphenyltetracarboxylic acid dianhydride. 3,3,4,4- 
diphenylsulfonetetracarboxylic acid dianhydride. 3,3'.4.4'-diphenylethertetracarboxylic acid dianhydride. 
aa'^^'-diphenyiethertetracarboxylic acid dianhydride. and 2,2-bis(3,4-dicarboxyphenyl)tetrafluoropropane 
dianhydride. It is allowable to use, as part of the aforesaid tetracarboxylic acid diahydrides, pyromellitic acid 
dianhydride, 2,3,6,7-naphthalenetetracarboxylic acid dianhydride, 1 ,2,5.6-naphthalenetetracarboxyiic acid 
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dianhydride. 1,4.5,8-naphthalenetetracarboxylic acid dianhydride. 2.3,6.7-anthracenetetracarboxyi.c ac.d I dia- 
nhydride. 1.2.7.8-phenanthrenetetracarboxyiic acid dianhydride, 3,4,9.1 0-perylenetetracarboxyl c ac.d d.an- 
hvdride. and 4.4-bis (2,3-dicarboxyphenoxy)diphenylmethane dianhydride. . 
Upon completion of the first-step reaction, the remainder of the tetracarboxylic ac.d components and 
s the diamine components consisting mainly of the diamino compounds of the general formula (5) are added 

and the reaction is continued. . 

The remainder of the tetracarboxylic acid components here means the acid anhydndes derived from 
the addition of acid anhydride groups to the Ar, radical in the general formula (1) and they may be the 
same as those which are derived from the addition of acid anhydride groups to the Ar 2 radical in he 
w general formula (2) for use in the preparation of the siloxane polyimide blocks of the general formula (2). 
and the Ar, -derived ones may be identical with or different from Ar 2 -denved ones. 

The diamines to be used for the preparation of the polyimide blocks of the general formula (1) are 
mainly composed of the diamino compounds of the general formula (5) and their examples mclude 2.2-b.s- 
[4-(4-aminophenoxy)phenyl]propane. 2,2-bis [4-<3-aminophenoxy) phenyl]propane. bis[4-(4-am,nophenoxy - 
,5 phenyl] sulfone. bis[4-(3-aminophenoxv)phenyl] suifone. 2.2-b is [4-(4-ammophenoxy)phen y l - 
hexafluoropropane, 2,2-bis [4-(3-aminophenoxy) phenyljhexafluoropropane, b.s[4-(4-aminophenoxy)- 
lbiphenyl bis[1-{3-aminophenoxy)]biphenyi. bis[4-(4-aminophenoxy)phenyl]methane, b.sf.4-(3- 
aminophenoxy)phen y l]methane. bis[4-(4-aminophenoxy)phenyl] ether. bis[4-<3-aminophenoxy)phenyl] ether. 
bis[4-{4-aminophenoxy)]benzophenone. bis [4-(3-aminophenoxy)] benzophenone, bis [4.4 -(4- 
20 aminopbenoxy)]benzanilide, . bis[4.4'-(3-aminophenoxy)]benzanilide. 9,9-bis [4-<4-am.nophenoxy)phenyl] 
fluorene and 9. 9-bis[4-(3-aminophenoxy)phenyl]fluorene. They may be used singly or mixed and may also 
be used' together with small quantities of aromatic diamines other than the aforesaid diether-d.am.nes. 

Such aromatic amines to be used along with the diamino compounds of the general formula (5) include 
m-phenylenediamine. p-phenylenediamine. 4.4'-diaminodiphenylpropane, 4.4 -diaminodiphenylmethane^ 4 
4-diaminodiphenyl ether, benzidine. 4,4-diaminodiphenyl sulfide. 4.4 -diaminodiphenyl suKone. 3.4 -dia- 
minodiphenyl ether. 2.6-diaminopyridine. 3.3-dimethoxybenzidine. l.4-bis(4-aminophenoxy)benzene. 1. 3- 
bis(aminophenoxy)benzene, 4.4'-t1.4-phenylenebis(1-methylethylidene)]bisaniline. 4.4 -[1 ,3-phenyleneb.s<1- 
methylethylidene)]bisaniline, and 4.4'-oxydianiline. 

The solvents to be used in the reaction system in the process of this .nvention must be inert to both the 
30 aromatic polyamic acids and the siloxane blocks. Typical examples are ethers such as diethylene glycol 
dimethyl ether (diglyme). diethylene glycol diethyl ether, and tetrahydrofuran and am.des such as N N- 
dimethylformamide. N.N-dimethylacetamide, N-methyl-2-pyrrolidone. and N-cyclohexyl-2-pyrrol.done^These 
solvents may be used singly or mixed and a solvent containing 10% by weight or more, preferably 30 h by 
weiqht or more, of an ether is best suited. . 
33- The reaction is preferably earned out as follows in the process of this invention. The tetracarboxylic 
acid dianhydride is dispersed or dissolved in a solvent in advance, a diglyme solution of the d.am.nos<lox- 
ane of the general formula (6) is added slowly, and the mixture is allowed to react to form siloxane 
polyimide blocks containing the repeating unit of the general formula (2). Diamines mainly cons.st.ng of 
diamino compounds of the general formula (5) are then added to the reaction mixture to link the repeating 
40 units of the general formula (1) to form a solution of the polyimide precursors convertible to polyim.de 
copolymers of a microdornain structure. The solution of the polyimide precursors thus obta.ned yield 
polyimide films of good properties. It is desirable to use 50 to 99 % mole of the diamino compounds and 1 
to 50 mole % of the diaminosiloxanes from the viewpoint of minimizing a decrease in heat res.stance and 
an increase in thermal expansion coefficient of the polyimide films resulting from the curing of the poly.rn.de 

precursory ^ rsor SO | Utions prepared in this manner are applicable by spin-coating even at high 
solid contents. When heated at a temperature of 50 to 250 * C for a short time, which is h.gh and long 
enough for removal of the solvent, they yield polyimide copolymers which show good adhes.on. excellent 
mechanical and electrical properties, low tensile modulus of elasticity, and large tensile elongation, possess 
so a microdornain structure without pinholes, and are capable of sharply cutting down failures of semiconduc- 
tor devices at high temperature and huimidity. In addition, the polyimide copolymers are vrtually free of 
uranium and thorium and serve satisfactorily as alpha-particle barriers when further coated w.th en- 
capsulants based on epoxy resins or others, contributing greatly to improve reliab.lity of the memory 
devices 

55 The polyimide copolymers have a total content of uranium and thorium not in excess of 0.2 ppb. which 
is a desirable qualification for surface-protecting films on semiconductor devices. Furthermore, formation of 
a microdornain structure between the siloxane blocks and the aromatic blocks in cured films leads to 
excellent moisture resistance, stress relaxation, and electrical properties. 
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The semiconductor devices utilizing the resin compositions consisting of or mainly consisting of the 
polyimide copolymers of this invention for protective films are encapsulated by ceramic packages, metallic 
nackages such as metallic cans, or resin packages such as molded epoxy resins. 

The resin compositions consisting of or mainly consisting of the polyimide copolymers of this mventjon 
yield particularly desirable results when encapsulated by resins and more so in high-density semiconductor 
devices, namely 1 kilobits or more for bipolar devices or 1 6 k bits for MOS devices. 



Brief Description of the Drawing: 
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Figure 1 is a graph showing the results of the tested dynamic viscoelasticity about the polyimide film 
obtained in Example 1, Example 3 and Comparative Example 6. 

(5 Detailed Description of the Preferred Embodiments: 

t 

This invention is explained in detail with reference to the accompanying examples and comparative 

examples. s ' 

20 The following symbols are used in the examples and comparative examples. 

BTDA: 3.3',4,4'-Ben20phenonetetracarboxyiic acid dianhydride 

BPDA: 3,3'. 4,4-Biphenyltetracarboxylic acid dianhydride 

DEDA: 3 t 3' t 4,4'-Diphenylethertetracarboxylic acid dianhydride 

DSDA: 3,3',4,4-DiphenylsuIfonetetracarboxylic acid dianhydride 
25 6 FDA: 4,V -(Hexafluoroisopropyiidene)diphthalic acid dianhydride 

PMDA: Pyromellitic acid dianhydride 

BAPP: Bis[4-(4-aminophenoxy)pheny!]propane 

p-BAPS: Bis[4-(4-aminophenoxy)phenyI] suKone 

m-BAPS: Bis[4-(3-aminophenoxy)phenyl] sulfone 
30 BAPF: 2,2-Bis[4-(4-aminophenoxy)phenyl]hexaf!uoropropane 

ODA: 4,4' -Oxydianiline 

GAPD: Bis(3-aminopropyl)tetramethyldisiloxane 
PSX: Diaminosiloxane 
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CH 3 CH 3 
II 
H 2 N-(CH 2 ) 3 -(Si-0U -Si-(CH 2 ) 3 -NH 2 

CH3 CH3 

PSX-A: amine equivalent 472 (Mw = 944) 
PSX-B: amine equivalent 650 (Mw = 1 ,300) 
PSX-C: amine equivalent 1 ,280 (Mw = 2,560) 

PSX-D: amine equivalent 2,200 (Mw = 4,400) DIG: Diethylene glycol dimethyl ether 
NMP: N-Methyl-2-pyrrolidone 
DMAC: Dimethylacetamide 
THF: Tetrahydrofuran 

Example 1 

To a dispersion of 32.20 g (0. 10 mole) of BTDA in 365 g of DIG was added dropwise a dispersion of 
13 00 q (0.01 mole) of PSX-B in 100 g of diglyme and the mixture was allowed to react 

* After the formation of the siloxane blocks in this manner, 36.9g (0.09 mole) of BAPP was added and the 
reaction was continued at 30 ' C or less for 5 hours to yield a transparent solution of polyarmc acids. The 
solution thus obtained was examined for its transparency and the content of uranium and thorium m ppb. 
The results are shown in Table 1 . 

8 
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The solution was cast on a glass plate and heated at. 60 C for 30 minutes, at 100 C for 30 minutes, 
at 150 * C for 30 minutes, and at 250 " C for 60 minutes to give a transparent film of good properties. 

The polyimide film thus obtained was tested for the tensile modulus of elasticity, tensile strength, 
elongation, initial thermal decomposition temperature, glass transition temperature, thermal expansion 
coefficient, dielectric constant, dielectric loss, light transmission, moisture absorption, and adhesion. The 

results are shown in Table 2. . ■ <■ 

The polyimide film was also tested for the dynamic viscoelasticity. The results are shown in Rgure 1 
The figure indicates lowering of the modulus by the siloxane blocks near 120 C and yet a high light 

transmission, proving that the polyimide has a microdomain structure. 

Examples 2-15 

Polyimide precursors were synthesized as in Example 1 using the monomers and the solvents shown in 
Table 1 the precursors were made into a polyimide film, and the polyamic acid solution and the polyimide 
film were examined as in Example 1 . The results are shown in Tables 1 and 2 respectively. 

Comparative Example ^ 

To a solution of 18. 88 g (0. 02 mole) of PSX-A with an amine equivalent of 472 and 32.80 g (0.08 
mole) of BAPP in 475 g of NMP was added 32. 20 g (0. 10 mole) of BTDA in small portions and the mixture 
was allowed to react at 30 # C or less for 5 hours to yield a polymer solution. The solution was opaque and 
yielded an opaque film when cast on a glass plate and heated at 100 C for 30 minutes at 150 C for 30 
minutes, and at 250 ' C for 30 minutes. As in Example 1. the polymer solution and the film were examined. 
The results are shown in Tables 1 and 2 respectively. 
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Comparative Examples 2-7 

Polyimide precursors were synthesized as in Comparative Example 1 using the monomers and the 
solvents shown in Table 1. the precursors obtained were made into polyimide films, and the polyamic acid 
solutions and the polyimide films were examined as in Example 1. The results are shown in Tables 1 and 2 
respectively. 
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Claims 



1 .Polyimide copolymers having a repeating unit of the general formula (1 ) 
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(1) 



wherein Ar, is a tetravalent organic radical containing at least one aromatic ring. Ri is a divalent organic 
radical, R2 and R3 are monovalent hydrocarbon radicals, and n is an integer from 0 to 4 and a repeating 
unit of the general formula (2) 



CO CO 

/ \ . / \ 

N Ar 2 N 
CO CO 



-R 



Rt 

I 

(Si 

I 

Rt 



-OU 



R 7 
I 

S i 
! 

Rt 



-R 



(2) 



30 



35 



40 



45 



50 



where in Ar 2 is a tetravalent organic radical containing at least one aromatic ring, R 6 is a divalent organic 
radical. R 7 is a monovalent hydrocarbon radical with 1 to 6 carbon atoms, and 1 is an integer from 5 to 50 
and having a microdomain structure. 

2. Polyimide copolymers according to claim 1 wherein the proportion of the repeating unit of the 
general "formula (2) is in the range of 1 to 70% by weight of the total quantity of the polyimide copolymers. 

3. Polyimide copolymers according to claim 1 or 2,wherein Ari and Ar 2 in the repeating units of the 
general formulas (1) and (2) have a structure of the general formula (3) 

(3) 





wherein Y is a bond, -CO-, S0 2 . -0- f -C(CH 3 ) 2 -, or -C(CF 3 ) 2 -. 

4. Polyimide copolymers according to any of the claims 1 to 3,wherein Ri in the renting unit of the 
general formula (1) has a structure of the general formula (4) 
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wherein and Rs are monovalent hydrocarbon radicals, m is an integer fro 0 to 4, and X is a bond, -CO-, 
-SO2-. -0-. -C(CF 3 ) 2 -, -CH 2 -, -C(CH3) 2 -, -CONH-, or 
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70 



5 ; Polyimide copolymers according to any of the claims 1 to therein Rs in the renting unit of the 
general formula (2) is (C2) p -, 
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or 




0-(CH 2 )p - 
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^Tp^^XsI^ * «* <* *• c,aims 1 to 5 - wherein * in * e repeatin9 unit of *" 

99 TTZesXlT^^ l oi poiyimide copolymers which comprises ^condensing aromatic 
tetracarboxy.2 f acid dianhydrides and diamine components consisting of 50 to 99 mo.e% of d.am.no 
compounds of the general formula (5) 



H 2 N 




(5) 



wherein R, is a divalent organic radical. R 2 and R 3 are monova.ent hydrocarbon radicals, and n is an 
integer from 0 to 4 and 1 to 50 mole% of diaminosiloxanes of the general formula (6) 
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wherein Rs is a divalent organic radical. R 7 is a monovalent hydrocarbon radical with 1 tp 6 carbon atoms 
Ld t is an integer from 5 to 50 to form polyimide precursors usefu. for the format™ of a film of a 
microdomain structure, and imidizing said polyimide precursors. aromatic 
8 A process for the preparation of polyimide copolymers accord.ng to claim 7 where.n the aromatic 
tetracarboxylic acid dianhydrides have a structure of the general formula (4) 



CO C0 

<.)o-'-aC > 

CO co 



(4) 



55 



wherein Y is a bond. -CO-. S02. -0-. -C(CH a ) a -. or -C(CF 3 >2-. 

9 A process for the preparation of polyimide copolymers accord.ng to claim 7 or 8 wherein the 
reaction is carried out in a solvent containing 30% by weight or more of an ether-based solvent 

7 A r7sin composition for protection of semiconductors which is mainly composed of the po.y.m.de 
copolymers according to any of the claims 1 to 9. 
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11. Semiconductors containing protective films formed by a resin composition for protection of 
semiconductors according to claim 10. 
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FIG.1 
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